Purpose: To determine the frequency of emergent imaging findings on head computed tomography (CT) in an adult population of first seizure (FS) patients presenting to an emergency department (ED); and to search for associations between clinical features and emergent imaging findings among these patients. Methods: For this retrospective registry-based study, adult FS patients presenting to Helsinki University Hospital ED in 2006 were identified based on ICD-10 diagnosis. Clinical parameters were extracted from patient records. A neuroradiologist blinded to clinical information reviewed the CT scans for emergent imaging findings prompting changes in acute treatment, predefined as intracranial haemorrhage, acute ischemia, central nervous system infection, mass effect, midline shift, obstructive hydrocephalus and/or brain oedema. Results: 449 FS patients were identified, of which 416 (93%) had undergone emergency CT imaging. Of these, 49 (12%) had emergent imaging findings on non-contrast CT. Logistic regression suggested that headache (odds ratio (OR) 3.62, 95% confidence interval (CI) 1.30-10.12), focal motor sign in the ED (OR 3.23, 95% CI 1.58-6.62), history of malignancy (OR 3.05, 95% CI 1.17-7.92), and altered mental state in the ED (OR 2.27, 95% CI 1.15-4.49) were associated with emergent imaging findings on NCCT. Presence of at least one of these factors had 84% sensitivity for emergent imaging findings. Conclusion: In FS patients, clinical information can be used to guide imaging decisions in the ED. However, if emergency imaging is not performed, urgent outpatient imaging and pre-imaging follow up should be secured.
Introduction
Among patients presenting with first seizure (FS) to emergency department (ED), the challenge for the evaluating physician is to identify patients with acute symptomatic seizures. Formally, an acute symptomatic seizure is defined as a clinical seizure occurring at the time of a systemic insult or in close temporal association with a documented brain insult [1] . Pragmatically, acute symptomatic seizures are symptoms of a condition deserving immediate attention and treatment, such as stroke or central nervous system infection. The lifetime incidence of acute symptomatic seizures is 3.6% [2] , whereas the cumulative incidence of at least one unprovoked epileptic seizure before age 74 is 4.1% [3] . Thus, a substantial proportion of FS patients have an acute underlying insult. Yet, surprisingly few studies address FS from an ED perspective.
One of the questions encountered in the ED is whether all FS patients need emergency neuroimaging to rule out intracranial pathology or whether imaging can be deferred in selected cases based on clinical judgment. In the ED, computed tomography (CT) is often easily available and therefore preferred over magnetic resonance imaging (MRI). Previous studies suggest that emergency brain CT leads to an acute change in management in 1.8-17% of cases [4] [5] [6] . There is limited data to guide patient selection for emergency imaging, as only one study looked for correlations between clinical parameters and imaging findings prompting acute changes in management [4] . Current guidelines state that an emergency CT may be considered in adults with first seizure [7] . According to other guidelines, for patients who have fully recovered from their FS, early outpatient neuroimaging may be Abbreviations: CECT, contrast-enhanced computed tomography; CI, confidence interval; CT, computed tomography; eCRF, electronic case report form; ED, emergency department; FS, first seizure; HUH, Helsinki University Hospital; MRI, magnetic resonance imaging; NCCT, non-contrast computed tomography; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value; SD, standard deviation; SDH, subdural haematoma.
* Contents lists available at ScienceDirect Seizure j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / y s e i z considered if there is no suspicion of an intracranial lesion based on a new focal neurological finding, history of acute head trauma, fever, malignancy, immunocompromised state, anticoagulation, focal seizure onset, and the patient is under 40 years of age [8] .
The purpose of our study was to retrospectively determine the yield of non-contrast head CT (NCCT) in an adult population of patients presenting to ED with FS and to search for associations with clinical information and emergent imaging findings among these patients. Finally, we compared the yield of NCCT and contrast enhanced CT (CECT) to elucidate if use of contrast agent increases sensitivity for emergent imaging findings in FS patients.
Methods

Study design
This is a retrospective registry-based study comprising adult FS patients presenting at Helsinki University Hospital (HUH) ED over a one year period (Jan 1 2006-Dec 31 2006). HUH institutional research board permit was granted.
Study setting and population
HUH is a tertiary health care facility for patients over 16 years. A neurologist or a neurology resident is present in the ED at all times. During the study period, 16,153 patients were admitted to this ED. According to local guidelines until the end of year 2006, all patients from Helsinki City with their first convulsive seizure were evaluated in this ED, except elderly patients not independent in activities of daily living and patients with known acute head trauma, which were treated in separate geriatric or neurosurgical units, respectively. Local ED practice guidelines recommended an emergency NCCT of the brain of all FS patients, and CECT was suggested.
Study protocol
Patient identification
Records of patients with ED discharge diagnosis codes (ICD-10) possibly associated with seizures were read by two neurologists (K. K., F.S.). Screening diagnoses included seizure, status epilepticus, stroke, cerebral tumour, hyponatremia, intoxication, eclampsia and CNS infections (see Online Resource 1 for complete list of diagnoses screened).
Patient population
From the screened patients, we included those evaluated for first-ever witnessed convulsive seizure. The definition "convulsive" seizure was chosen, as the eyewitness of a first ever seizure may often be unable to give a seizure description detailed enough for precise seizure classification. We excluded patients with nonconvulsive seizures for two reasons: firstly, when a patient presents with cognitive or speech related symptoms without motor manifestations, the risk of misdiagnosis increases. Further, in these cases, the decisions on imaging can be guided by considerations on differential diagnosis (eg. acute stroke, encephalitis). We did not exclude patients who were later considered not to have had an epileptic, but rather, e.g., a psychogenic non-epileptic seizure. Exclusion criteria included history of seizures diagnosed by a medical doctor, pre-hospital intubation, and imaging at a district hospital with subsequent referral to tertiary care. 
Data collection
A written protocol for data collection and a structured electronic case report form (eCRF; OpenClinica) were used. Medical history, symptoms, clinical findings in the ED and imaging modality were all recorded. Neurological examination findings of interest were altered mental state and focal motor signs (gaze deviation, motor asymmetry or/and unilateral positive Babinski sign) at the time of physician evaluation, as these signs can be evaluated reliably in all patients, regardless of co-operation. The speciality of the physician primarily evaluating the patient was recorded.
Due to the retrospective study design, we could not differentiate between chronic and new-onset neurological examination findings nor specify the time elapsed after the seizure in each patient. However, due to the time taken by patient transportation to the ED in Helsinki area, it is likely that few patients were examined within 30 min after seizure onset. According to local ED practice, neurologic examinations were performed before CT scanning. However, we could not ascertain whether all examination findings were documented before CT scanning; post-imaging documentation is probable in some critically ill patients examined immediately at ED arrival and taken straight to CT scanning.
Neuroimaging studies
CT-scans were performed with three different units (GE Medical System Light Speed Ultra or Light Speed Plus, Siemens Somatom Plus 4). Helical transverse scans were obtained from skull base to top of head. X-ray tube voltage was 120 kV or 140 kV. Image slice thickness was 5 mm (7,5 mm supratentorium in Siemens Somatom Plus 4). CECT scans were obtained after injection of contrast medium (Omnipaque 350 mg/ml).
The neuroradiologist (P.V.) reviewed all scans blinded to information other than the time of birth and sex of the patient. Emergent imaging findings prompting acute changes in treatment were predefined as intracranial haemorrhage, acute ischemia, CNS infection, mass effect, midline shift, obstructive hydrocephalus and/or generalized or focal brain oedema. This definition was chosen, as these pathologies prompt either surgical intervention, initiation of medication (e.g. anticoagulation, antibiotics or corticosteroid treatment), or hospitalization. NCCT and CECT images were analyzed separately, in a randomized manner. A structured eCRF (Openclinica) was filled in for each image.
Statistical analysis
A logistic regression analysis was performed to test for associations of clinical variables with emergent imaging findings. The factors were selected based on clinical relevance and the comprehensiveness of documentation in the original patient histories. P-values <0.05 were considered significant. All analyses were performed with IBM 1 SPSS 1 Statistics Version 22 (IBM Corp.).
Results
Of the 4706 patients with possibly FS related ED discharge diagnoses, 449 patients met the study criteria. Of these patients, 33 (7.3%) were excluded from further analysis because of lacking emergency CT imaging. The flow of patients in the study is shown in Fig. 1 . Characteristics of patients with CT available are shown on Table 1 . 93% of the patients were primarily examined by a neurologist or a neurology resident, and 7% by an internist or internal medicine resident.
Abnormal imaging findings were noted on 220 (53%) of NCCT scans. Emergent imaging findings were found on 49 (12%) NCCT images, of which the two most common findings were acute intracranial haemorrhage and tumour with severe secondary findings (see Table 2 for details). Four clinical variables were significantly associated with emergent imaging findings on NCCT in the multivariate logistic regression model ( Table 3) .
Presence of at least one of focal motor sign in the ED, altered mental state in the ED, headache, or history of malignancy had 82% sensitivity and 53% specificity for emergent imaging findings on NCCT; positive predictive value (PPV) of the same criteria was 19% and negative predictive value (NPV) 96% for emergent imaging finding on NCCT. 205 patients were negative for all abovementioned criteria; nine (4.4%) of them had emergent imaging findings on NCCT. Of these nine patients, three had transient postictal paresis before ED arrival, and three recent head injury. However, three patients (0.7%) did not have any suspicious medical history, symptoms, or abnormal signs that would have prompted emergency imaging according to the American College of Emergency Physicians guideline [8] . They all had frontal tumours with prominent oedema -two with additional midline shift. Fig. 2 illustrates the head NCCT scan of one of these patients.
CECT was performed in 67% of CT imaged patients. The neuroradiologist reported emergent imaging findings on CECT but not on NCCT in 5 patients (1.8%) ( Table 4) . Only in one case this difference prompted an acute change of treatment (initiation of corticosteroid treatment), but this was not a vital action.
Discussion
In our large retrospective cohort of adult FS patients, we found that 1) NCCT yielded emergent imaging findings in a considerable fraction of cases (12%), that 2) headache, focal motor sign, history of malignancy and altered mental state in the ED were associated with emergent imaging findings on NCCT, that 3) presence of at least one of these associated features identified emergent imaging findings with relatively high sensitivity (84%), that 4) absence of all of these associated features had a high NPV (96%) for emergent imaging findings on NCCT and that 5) use of contrast agent did not convincingly improve sensitivity of CT for emergent imaging findings. Previous studies reported frequencies of abnormal emergency CT findings in FS patients ranging from 34% to 56% [4] [5] [6] 9, 10] . Not surprisingly, an association between focal signs and a focal brain lesion [4, 5] or an abnormal CT in general [4] has been demonstrated. However, the question of interest in the ED is not finding all patients with abnormal imaging findings. Instead, it is mandatory to identify patients with lesions prompting an immediate change of treatment, whereas the remainder could be imaged later in an outpatient setting, preferably by MRI. In our study, abnormal findings (such as brain atrophy) were present in 220 patients, but only 22% of them were classified as emergent imaging findings.
Previous studies that documented detailed information on imaging findings, have suggested that brain CT leads to an acute change in management in 1.8-17% of FS patients [4] [5] [6] -our result of 12% is in accordance with these studies. However, our study is the first to document an association of headache and history of malignancy with emergent imaging findings. The association of focal motor sign and altered mental state in the ED with emergent imaging findings on NCCT is in line with an earlier study using univariate analysis, in which, however, there also was an association between increasing age (!65 years) and an emergent imaging finding on CT [4] . Though the incidence of acute symptomatic seizures increases with age [2] , results of our multivariate analysis suggest that regardless of patient age, clinical information can be used to guide ED imaging decisions in FS patients. This is contrary to the current guideline [8] recommending emergent imaging for FS patients aged over 40 years.
In our cohort, there were three patients who, despite having no alarming history information or clinical signs, had frontal tumours with prominent oedema, possibly causing changes in cognitive function unrecognized by patients and ED physicians. In these cases, urgent outpatient imaging within the following days with reliable pre-imaging follow-up might still have been acceptable.
Emergent imaging findings were found on CECT images but not on NCCT images in only 1.8% of CECT imaged patients. These differences were subtle and may well be explained by intra-rater variability. In previous studies on adult neurologic patient populations, the potentially missed findings without contrast enhancement were vascular anomalies, leptomeningeal processes, and tumours [11] [12] [13] [14] . With the exception of meningeal infections, these findings rarely prompt immediate change of management. Thus, we conclude that there is little added benefit of emergency CECT in the evaluation of FS patients.
Our study has some methodological differences with previous studies on emergency imaging of FS patients. In one retrospective study, the patient identification was based on "seizure" coded as the presenting complaint [6] . In order to control for bias related to post-imaging assessment and diagnosis coding, we screened a substantial number of patients with possibly seizure related diagnoses for FS as a presenting symptom. In another study, the number of FS patients evaluated but not imaged was not reported [4] . We report the proportion of patients that did not undergo CT (7.3%) and the reasons for omitting imaging. Secondly, we did not rely on the original CT report as some studies have done [4, 6] , but all CT scans were reviewed by a neuroradiologist blinded to clinical information.
The most important limitation of our study is its retrospective, tertiary centre based study design. Although we excluded patients referred from other hospitals for tertiary care after diagnostic imaging, selection bias towards more severe aetiologies is possible since some patients from outside Helsinki city area most likely have been transported straight to our ED by paramedic decision. However, all FS patients from Helsinki City area were evaluated in this ED. Regarding the assessment of clinical parameters, it must be considered that the neurological examinations were not performed at a uniform time point postictally. We could not differentiate between chronic and new-onset focal signs. The seizure descriptions were not documented in sufficient detail to allow for focal seizure characteristics to be used as a factor in statistical analyses. However, although this degree of uncertainty may weaken the generalizability of our results, it quite well reflects the level of information that is available to the ED physician when initially assessing a FS patient. Only 7% of patients were reported to have transient or persistent headache, indicating probable reporting and documentation bias, as previous studies have shown that headache after convulsive seizure is much more common [15, 16] .
Conclusion
Our results suggest that in adult FS patients, presence of at least one of headache, focal motor sign, history of malignancy or altered mental state persisting until ED assessment mandates emergency neuroimaging. Recent head trauma and focal seizure characteristics should also prompt imaging, even if not analyzed statistically in this study. In the absence of these factors, deferring imaging seems safe, given that urgent outpatient imaging can be secured and reliable pre-imaging follow up is available.
The optimal combination of features associated with imaging findings prompting acute changes of treatment still remains to be established through future prospective studies on larger cohorts. This could allow development of a clinical decision rule for selecting patients for emergency imaging and guiding others straight to outpatient MRI. 
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